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Description 

The present invention relates generally to methods, apparatus and conrpositions for making plastic lenses. 
It is conventional In the art to produce optical lenses by thermal curing techniques from the polymer of diethylene 
5 glycol bi5(aliyl)-cartx)nate (DEG-BAC). 

The polymer of DEG-BAC exhibits desirable optical and mechanical properties. These properties include high light 
transmission, high clarity, and high index of refraction together with high abrasion and impact resistance. These prop- 
erties In tiie past made DEG-BAC one of the leading monomers in the manufacture of high quality lenses, face shields, 
sun and safety glasses. Otiier properties of DEG-BAC, however, such as its slow rate of polymerization, make it an 
10 undesirable monomer in the manufacture of these items. 

In addition, the thernal curing techniques for polymerizing DEG-BAC to produce optical lenses have several disad- 
vantages and drawbacks. One of the most significant drawbacks is that it may take approximately 1 2 hours to produce 
a lens according to thermal curing techniques. A lens forming mold, therefore, can produce at most two lerees per day 
Moreover, themial curing techniques employ a thermal catalyst so that a polymerizable mixture of DEG-BAC and 
15 catalyst will slowly polymerize even while refrigerated. The polymerizable mixture therefore has a very short shelf life 
and must be used within a short time or it will harden in its container. 

Furthermore, the tiiermal catalysts utilized according to tiie thermal techniques are quite volatile and dangerous to 
work with, thus requiring extreme care in handling. 

Curing of a lens by ultraviolet light presents certain problems that must be overcome to produce a viable lens. Such 
20 problems include yellowing of the lens, cracking of the lens or mold, optical distortions in tiie lens, and premature 
release of the lens from the mold. 

LIS-A-4919850 relates to a method and apparatus for making lenses. A monomer is used with initiators in conjunc- 
tion with a molding apparatus to mold plastic lenses of optical quality. The molding nraterial include a composition of 
liquid monomer with a thermal Initiator and UV initiator each of wWch can be activated during tfie molding process. Ini- 
25 tally the molding forms with the liquid monomer compositions therein are heated to activate tiie tiiermal initiator and 
form the molding material into a gel. The gelled material is then subjected to a UV light source for completing the cure. 
During the curing step a cooling medium, such as a liquid batii or air is used to achieve a desired cooling effect. 

Unfavourable results may be achieved if a cooling fluid is passed over tiie lens forming material in one direction 
only, since the side oppose the source of fluid tends to remain hotter because the fluid passing over it has picked up 
30 heat from the first side. 

The present invention provides methods and apparatus for n^ng plastic lenses, such as optical lenses for use in 
eyeglasses and the like. 

According to one aspect of this invention there is provided a metiiod for making a plastic lens, comprising the steps 
of placing a polymerizable lens forming material in a ntold cavity defined between a first mold member with a face, and 

35 a second mold member with a face, and a gasket; and directing ultraviolet rays towards at least one of the first or sec- 
ond mold members or said gasket while substantially simultaneously cooling tiie first nwld member and the second 
mold member, the cooling being effected by directing air at a temperature of between 0**C and less than 20**C towards 
the faces of the first and second members, tiie air being directed from tiie edges of the first mold member to the center 
of the first mold member, and from the edges of tiie second mold member to the center of the second mold member. In 

40 this manner the air tiiat contacts tiie edges of the mold members is approximately the same temperature at all the 
edges of the mold members, and approximately the same at ail radii from the center of the mold members (with some 
variances due to variances in the cavity thickness at certain radii). Thus substantially tiie same thickness of the lens 
material are subjected to air that is substantially the same temperature, resulting in a more even cooling of the lens 
material. 

45 In a preferred method in accordance with the invention, for making a plastic lens with a desired curvature, the mold 
cavity defines a theoretical curvature that is different from the desired curvature. The ultraviolet rays are directed 
towards at least one of the first and second mold members such that portions of the material in ttie cavity receive dif- 
ferent intensities of ultiBviolet light from other portions of the material in the cavity, thereby allowing the material to form 
a lens with ttie desired cunrature. In such a metixKl, following demolding of the lens, the lens may be heated ar^ during 

so the heating step the lens adopts the desired curvature. 

The Invention also provides an apparatus for making a plastic lens comprising a first mold member, a second mold 
member spaced apart from the first nrwid member, the first and second mold members each having a face defining a 
mold cavity; an ultraviolet light generator for generating and directing ultraviolet light towards at least one of the first and 
second mold members during use; an ultraviolet light filter disposed between the ultraviolet light generator and the first 

55 mold member, and between tiie ultraviolet fight generator and the second mold mender, the apparatus further compris- 
ing a distributor adapted to direct air at a temperature of between 0*C and less than 20'»C towards the first and second 
mold members while the ultraviolet light is siijstantially simultaneously directed towards at least one of ttie first and sec- 
ond mold members during use, the distributor being connected to distribute air during use from the edges of the first 
mold member to tfie center of the first mold member, and from the edges of the second mold member to the center of 
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the second mold member. 

Further objects, features and advantages of the methods and apparatus of the present invention will be more fully 
appreciated by reference to the following detailed description of presently preferred but nonetheless illustrative embod- 
iments in accordance with the present invention when taken In conjunction with the accompanying drawings in which; 

Rg. 1 is a perspective view of an apparatus for producing a plastic lens according to the pr^ent invention; 

Fig. 2 is a cross-sectional view of the apparatus of the present invention taken along line 2-2 of Rg. 1 ; 

Fig. 3 is a cross-sectional view of the apparatus of the present invention taken along line 3-3 of Rg. 2; 

Fig. 4 is a detail view of a conrponent of the apparatus of the present invention; 

Fig. 5 is a detail view of a component of the apparatus of the present invention; 

Fig. 6 is a cross-sectional view of a lens cell for use in the apparatus of the present invention; and 

Fig. 7 is a schematic block diagram of an alternate process and system tor making and postcuring a plastic lens. 

While various aspects of the present invention are hereinafter illustrated and described as being particularly 
adapted for the production of a plastic lens for use in eyeglasses, it is to be understood that lenses for other uses can 
also be produced, such as safety glasses as well as lenses having high quality optical use for instrument sightings, pho- 
tography and light filtration. 

Therefore, the present invention Is not to be limited only to the embodiments illustrated in the drawings, because 
the drawings are merely illustrative of the viride variety of specific embodiments of the present invention. 

Referring now to Rg. 1 , a plastic lens curing chamber of the present invention is generally indicated by the refer- 
ence numeraMO. The lens curing chamber 10 communicates through a plurality of pipes 12 with an air source (not 
shown), the purpx>se of which will be discussed below. 

As shown in Fig. 2. the plastic lens curing chamber 10 may include an upper lanp chamber 14, an irradiation cham- 
ber 16, and a lower lanp chamber 18. The upper lamp chamber 14 may be separated from the irradiation chamber 16 
by a plate 20. The lower lamp chamber may be separated from the inadiation chamber 1 6 by a plate 22. The upper lamp 
chamber 14, the inadiation chamber 16. and the lower lamp chamber 18 may be isolated from ambient air by means of 
upper lamp chamber doors 24, irradiation chamber doors 26, and lower lamp chamber doors 28, respectively. While the 
upper lamp chamber doors 24. the irradiation chamber doors 26 and the lower lamp chamber doors 28 are shown in 
Fig. 1 as including two con-esponding door members, those of ordinary skill in the art will recognize that the doors 24. 
26 and 28 may conrprise a single door member. The upper lamp chamber doors 24. the irradiation chamber doors 26 
and the lower lamp chanrt)er doors 28 may be slidingly mounted in guides 30. As shown in Rg. 2. vents 32 may com- 
municate with upper lanp chamber 14 and lower lamp channber 18 by way of oonresponding vent chambers 34 and 
openings 36 disposed in plate 20 and plate 22. Each vent 32 may be shielded by a vent cover 38. 

As shown in Rg. 3, vents 33 may be disposed in the inadiation chamber doors 26 and communicate with irradiation 
chamber 16. Each vent 33 may be shieWed by a vent cover 35. 

As shown in Figs. 2 and 3, a plurality of light generating devices or lamps 40 may be disposed within each of upper 
lamp chamber 14 and lower lamp chamber 18. Preferably, upper lamp chamber 14 and lower lamp chamber 18 each 
include three lamps 40 that are arranged in a triangular fashion in which the lamps 40 in the upper lanp chamber 14 
are disposed with the pdnt of the triangle pointing upwards whereas the lamps 40 in the lower lamp chamber 18 are 
disposed with the point of the triangle pointing downward. The lamps 40, preferably, generate ultraviolet light having a 
wavelength In the range of approximately 300 nm to 400 nm since the effective wavelength spectrum for curing the lens 
forming material lies in the 300 nm to 400 nm region. The lamps 40 may be supported by and electrically connected to 
suitable fixtures 42. 

An exhaust fan 44 may communicate with upper lamp chamber 14 while an exhaust fan 46 may communicate with 
lower lamp chamber 18. 

As noted above, the u|:^er lamp chamber 14 may be separated from the irradiation chamber 1 6 by plate 20. Simi- 
larly, lower lamp chamber 18 may be separated from the inadiation chamber 16 by plate 22. Ttie plates 20 and 22 may 
include apertures 48 and 50. respectively through which the light generated by lamps 40 may be directed so as to 
impinge upon a lens cell 52 (shown in phantom in Rg. 2). The diameter of the \ms cell 52 preferably, is approximately 
74 mm. The apertures 48 and 50 preferably range from about 70 mm to about 140 mm. An upper light filter 54 rests 
upon plate 20 whrte a lower light filter 56 rests upon plate 22 or is supported by brackets 57. The upper light filter 54 and 
lower right fitter 56 are shown In Rg. 2 as bang comprised of a single filter member, however, those of ordinary skill in 
the art will recognize that each of the upper light filter 54 and lower light filter 56 may be conprised of two filter mem- 
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bers. The components ot upper light filter 54 and lower light filter 56 preferal5ly are modified depending upon the char- 
acteristics of the lens to be molded. For instance, in a preferred embodiment for making negative lenses, the upper light 
filter 54 includes a plate of Pyrex glass that is frosted on both sides resting upon a plate of clear Pyrex glass. The lower 
light fitter 56 includes a plate of Pyrex glass frosted on one side resting upon a plate of dear Pyrex glass with a deynce 
for reducing the intensity of ultraviolet light incident upon ttie center portion in relation to the edge portion of the lens 
being disposed between the plate of frosted Pyrex and the plate of clear Pyrex glass. 

Conversely, in a prefen-ed arrangement for producing positive lenses, the upper light filter 54 includes a plate of 
Pyrex glass frosted on one or both sides and a plate of dear Pyrex glass resting upon the plate of frosted Pyrex glass 
with a device for reducing the intensity of ultraviolet light incident upon the edge portion in relation to the center portion 
of the lens being disposed between the plate of dear Pyrex glass and the plate of frosted Pyrex glass. The lower light 
filter 56 indudes a plate of dear Pyrex glass frosted on one side resting upon a plate of clear Pyrex glass with a device 
for reducing the intensity of ultraviolet light inddent upon the edge portion in relation to the center portion of the lens 
being disposed between the plates of clear Pyrex glass. In this arrangement, in place of a device for redudng the rela- 
tive intensity of ultravidet light incident upon the edge portion of the lens, the diameter of the aperture 50 can be 
reduced to acNeve the same result, I.e. to reduce the relative intensity of ultraviolet light inddent upon the edge portion 
of the lens. 

It will be apparent to those skilled in the art that each filter 54 or 56 could comprise a plurality of filter members or 
comprise any other means or device effective to reduce the light to its desired intensity, to diffuse the light and/or to cre- 
ate a light intensity gradient across the lens cell 52. 

Preferably, the upper light filter 54 or the lower light filter 56 each comprise at least, one plate of Pyrex glass having 
at least one frosted surface. Also, either or both of the upper light filter 54 and the lower light filter 56 may indude more 
than one plate of Pyrex glass each frosted on one or both surfaces, and/or one or more sheets of tracing paper. After 
passing through frosted Pyrex glass, the ultraviolet light is believed to have no sharp intensity discontinuities which is 
beli&/^ to lead to a reduction in optical distortions in the finished lens. Those of ordinary skill in the art will recognize 
that other means may be used to diffuse the ultraviolet light so that it has no sharp intensity discontinuities. 

Disposed within the irradiation chamber 16 are a left stage 58, a center stage 60. and a right stage 62, each of 
which indudes a plurality of steps 64. The left stage 58 and center stage 60 define a left irradiation chamber 66 while 
the right stage 62 and center stage 60 define a right irradiation chamber 68. A cell holder 70, shown in phantom in Fig. 
2 and in detail in Fig. 4. may be disposed within each of left inadiation chamber 66 and right in-adiatlon chamber 68. 
The cell hdder 70 indudes a peripheral step 72 that is designed to allow a cell hoWer 70 to be supported upon comple- 
mentary steps 64 of left stage 58 and center stage 60. and center stage 60 and right stage 62, respectively. As shown 
in Fig. 4, each cell holder 70 also indudes a central bore 74 to allow the passage therethrough of ultraviolet light from 
the lamps 40 and an annular step 76 which is designed to support a lens cell 52 in a manner described below. 

As shown in Fig. 6, each lens cell 52 includes opposed mold members 78. separated by an annular gasket 80 to 
define a lens molding cavity 82. The opposed mdd members 78 and the annular gasket 80 may be selected in a man- 
ner to produce a lens having a d^red diopter. 

The ntold members 78, preferably, are formed of any suitable material that will permit rays of ultraviolet light to pass 
therethrough. The mold members 78. preferably, are fomned of glass. Each mold member 78 has an outer peripheral 
surface 84 and a pair of opposed surfaces 86 and 88 with the surfaces 86 and 88 being precision ground. Preferably 
the mdd members 78 have desirable ultraviolet light transmission characteristics and both the casting surface 86 and 
non-casting surface 88 preferably have no surface aberrations, waves, scratches or other defects as these may be 
reproduced in the finished lens. 

As noted above, the moW members 78 are adapted to be held in spaced apart relation to define a lens molding cav- 
ity 82 between the facing surfaces 86 thereof. The mold members 78 are held in a spaced apart relation by a T-shaped 
flexible annular gasket 80 that seals the lens mokling cavity 82 from the exterior of the mold members 78. in use. the 
gasket 80 is supported on the annular step 76 of the cell holder 70. 

In this manner, in the embodiment of the present invention that is illustrated in Fig. 6 the upper or back mold mem- 
ber 90 has a convex inner surface 86 while the lower or front mold merrier 92 has a concave inner surface 86 so that 
the resulting lens molding cavity 82 is shaped to form a lens with a desired configuration. Thus, by selecting the mold 
members 78 with a desired surface 86, lenses with different characteristics, sudi as focal lengths, may be made by the 
apparatus 10. Such techniques are well known to those skilled In the art, and will therefore not be further discussed. 

Rays of ultraviolet light emanating from lamps 40 pass through the mold members 78 and act on a lens forming 
material d^josed in the mold cavity 82 in a manner discussed below so as to form a lens. As noted above, the rays of 
ultraviolet light pass through a suitable fflter 54 or 56 to Inrpinge upon the lens cell 52. 

The mold members 78. preferably, are formed from a material that will not allow ultraviolet radiation having a wave- 
length below awM-Qximately 300 hm to pass therethrough. Suitable materials are Schott Crown. S-1 or S-3 glass man- 
ufactured and sold by Schott Optical Glass Inc., of Duryea, Pennsylvania or Coming 8092 glass sold by Corning Glass 
of Coming. New\brk. 

The annular gasket 80 may be formed of vinyl material that exhibits good Wp finish and maintains sufficient flexibility 
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at conditions throughout the lens curing process. In a preferred embodiment, the annular gasket 80 is formed of silicone 
rubber nraterial such as GE SE6035 which Is commercially available from General Electric. In another preferred embod- 
iment the annular gasket 80 Is formed of copolymers of ethylene and vinyl acetate wNch are commercially available 
from E. I. DuPont de Nemours & Co. under the trade name ELVAX®. Prefen-ed ELV/0(® resins are ELVAX® 350 having 

5 a melt index of 1 7.3-20.9 dg/min and a vinyl acetate content of 24.3-25.7 wt. %. ELVAX® 250 having a melt index of 
22.0-28.0 dg/min and a vinyl acetate content of 27.2-28.8 wt. %, ELVAX® 240 having a melt index of 38.0-48.0 dg/min 
and a vinyl acetate content of 27.2-28.8 wL %, and ELVAX® 150 having a melt index of 38.0-48.0 dg/min and a vinyl 
acetate content of 32.0-34.0 wt. %. Regardless of the particular material, the gaskets 80 may be prepared by conven- 
tional injection molding or compression molding techniques which are well-known by those of ordinary skill in the art. 

10 As shown in phantom in Fig, 2. in section in Fig. 3, and in detail in Fig. 5, an upper and lower air distribution device 
94 is disposed in each of left irradiation chamber 66 and right in^adiation chamber 68. Each air distribution device 94 is 
connected to a pipe 12. As shown in Fig. 5, each air distribution device 94 includes a plenum portion 95 and a cylindrical 
opening 96 having orifices 98 disposed therein to allow for the expulsion of air from the air distribution device 94. The 
diameter of the orifices 98 varies around the circumference of cylindrical opening 96 preferably reaching a maximum 

15 when directly opposite the plenum portion 95 of air distribution device 94 and preferably reaching a minimum immedi- 
ately adjacent the plenum portion 95. In addition, the orifices 98 are designed to blow air toward a lens cell 52 that may 
be disposed in a lens cell holder 70 and installed in left irradiation chamber 66 or right irradiation chamber 68. 

In operation, the apparatus of the present invention may be appropriately configured for the production of positive 
lenses which are relatively thick at the center or negative lenses which are relatively thick at the edge. To reduce the 

20 likelihood of premature release, the relatively thick portions of a lens preferably are polymerized at a faster rate than the 
relatively thin portions of a lens. 

The rate of polymerization taking place at various portions of a lens may be controlled by varying the relative inten- 
sity of ultraviolet light incident upon particular portions of a lens. The rate of polymerization taking place at various por- 
tions of a lens may also be controlled by directing air across the moW members 78 to cool the lens cell 52. 

25 For positive lenses the intensity of incident ultraviolet light, preferably, is reduced at the edge portion of the lens so 
that the thicker center portion of the lens polymerizes faster than the thinner edge portion of the lens. Conversely, for a 
negative lens, the intenaty of incKJent ultraviolet light, preferably, is reduced at the center portion of the lens so that the 
thicker edge portion of the lens polymerizes faster than the thinner center portion of the lens. For either a positive lens 
or a negative lens, air may be directed across the faces of the mold members 78 to cool the lens cell 52. As the overall 

30 intensity of inddent ultraviolet light is increased, more cooling is needed which can be accomplished by either or both 
of increasing the velocity of the air arxi reducing the temperature.of the air. 

It is well known by those of ordinary skill in the art that lens forming materials having utility in the present invention 
tend to shrink as they cure. If the relatively thin portion of a lens is allowed to polymerize before the relatively thick por- 
tion, the relatively thin portion will tend to be rigid at the time the relatively thick portion cures and shrinks and the lens 

35 will either release prematurely from or crack the mokJ mennbers 78. Accordingly, when the relative intensity of ultraviolet 
light incident upon the edge portion of a positive lens is reduced relative to the center portion, the center portion polym- 
erizes faster and shrinks before the edge portion is rigid so that the shrinkage is more uniform. Conversely, when the 
relative intensity of ultraviolet light incident upon tiie center portion of a negative lens is reduced relative to the edge 
portion, the edge portion polymerizes faster and shrinks before tiie center becomes rigW so that the shrinkage is more 

40 uniform. 

The variation of the relative intensity of ultraviolet light incident upon a lens may be accomplished in a variety of 
ways. According to one metinod, in the case of a positive lens, a ring of opaque material may be placed between the 
lamps 40 and the lens cell 52 so that the incident ultraviolet light falls mainly on the thicker center portion of the lens. 
Conversely, for a negative lens, a disk of opaque material may be placed between the lamps 40 and the lens cell 52 so 

45 that the incident ultraviolet light falls mainly on the edge portion of the lens. 

According to another metiiod, in the case of a negative lens, a sheet material having a variable degree of opacity 
ranging from opaque at a central portion to tranqaarent at a radial outer portion is disposed between ttie lamps 40 and 
the lens cell 52. Conversely, for a positive lens, a sheet material having a variable degree of opacity ranging from trans- 
parent at a central portion to opaque at a radial outer portion is disposed between the lamps 40 and the lens cell 52. 

50 According to still another method, a plurality of ultraviolet-light absorbing geometric or random shapes are printed 
and ananged on a sheet material. In the case of a positive lens, the density of the shapes is greatest at a radial outer 
portion while the density of the shapes is smallest at a central portion of the pattern. Conversely, in ttie case of a neg- 
ative lens, the density of ttie shapes is smallest at a radial outer portion while the density of the shapes is greatest at a 
central portion of the pattenn. 

55 Those of ordinary skill in the art will recognize ttiat there are a wide variety of techniques other than those enumer- 
ated above for varying the intensity of the ultraviolet light incident upon the opposed mold members 78. 

The intensity of tiie inckJent light has been measured and determined to be approadnrately 3.0 to 5.0 milliwatts per 
square centimeter (mW/cm^ prior to passing through either the upper light filter 54 or the lower light fitter 56 and the 
total intensity at the thickest part of the lens ranges from 0.6 to 2.0 mW/cm^ while tiie intensity at the thinnest portion 
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of the lens ranges from 0.1 to 1.5 mW/cm?. It has also been deternnined that the overall light intensity incident on the 
lens cell 52 has less of an impact on the final (S-oduct than the relative light Intensity incident upon the thick or thin por- 
tions of the lens so long as the lens cell 52 Is sufficiently cooled to reduce the polymerization rate to an acceptable level. 
It has been detemrdned that the finished power of an ultraviolet light polymerized lens may be controlled by manip- 
5 ulating the distribution of the incident ultraviolet light striking the opposed mold menti^ers 78. For instance, for an iden- 
tical combination of mold members 78 and gasket 80, the focusing power of the produced lens may be increased or 
decreased by changing the pattern of intensity of ultraviolet light across the lens mold cavity 82 or the faces of the 
opposed mold members 78. 

As the lens forming material begins to cure, it passes through a gel state, the pattern of which within the lens cell 
10 52 leads to the proper distribution of internal stresses generated later in the cure when the lens forming material begins 
to shrink. 

As the lens forming material shrinks during the cure, the opposed mold members 78 will flex as a result of the drf- 
ferent amounts of shrinkage between the relatively thick and the r^atively thin portions of the lens. When a negative 
lens, for example, is cured, the upper or back mold member 90 will flatten and the lower or front mold member 92 will 

IS steepen with most of the flexing occurring in the lower or front mold member 92. Conversely, with a positive lens, the 
upper or back mold member 90 will steepen and the lower or front mold member 92 will flatten with most of the flexing 
occurring in the ipper or back mold member 90. 

By varying the intensity of the ultraviolet light between the relatively thin and the relatively thick portions of the lens 
in the lens fbnming cavity 82, it is possible to create more or less total flexing. Those light conditions which result in less 

20 flexing will minimize the possibility of premature release. 

The initial curvature of the opposed moW members 78 and the center thickness of the lens produced can be used 
to compute the theoretical or predicted power of the lens. The ultraviolet light conditions can be manipulated to alter the 
power of the lens to be more or less than predicted. For example, when a disk of opaque material Is positioned between 
the lower lamp chamber 18 and the lens cell 52, less total flexure is observed. The greater the diameter of the disk of 

25 opaque material, the more negative (-) power the resultant lens will exhibit 

When the lenses cured by the ultraviolet light are renwved from the opposed mold members 78, they are under a 
stressed condition. It has been determined that the power of the lens can be brought to a final resting power, by sub- 
jecting the lenses to a post-curing heat treatment to relieve the internal stresses developed during the cure and cause 
the cun^ature of the front and the back of the lens to shift. Typically, the lenses are cured by the ultraviolet light in about 

30 1 0-30 minutes (preferably about 15 minutes). The post-curing heat treatment is conducted at approximately 85-120*C 
lor approximately 5-15 minutes. Preferably, the post-curing heat treatment is conducted at 1 00-1 1 0**C for approximately 
10 minutes. Prior to the post-cure, the lenses generally have a lower power than the final resting power. The post-curing 
heat freatmerrt reduces yellowing of the lens and reduces stress in the lens to alter the power thereof to a final power. 
The post-Oiring heat treatment can be conducted in a conventional convection oven or any other suitable device. 

35 The ultraviolet lamps 40 preferably are maintained at a temperature at which the lamps 40 deliver maximum output. 
The lamps 40, preferably, are cooled because the intensity of the light produced by the lanps 40 fluctuates when the 
lamps 40 are allowed to overheat In the apparatus depicted in Fig. 2, the cooling of the lamps 40 is accomplished by 
sucking ambient air into the upper lamp chamber 14 and lower lamp chamber 18 through vent 32. vent chambers 34 
and openings 36 by means of exhaust fans 44 and 46, respectively. Excessive cooling of the lamps 40 should be 

40 avoided, however, as the intensity of the light produced by the lanps 40 is reduced when the lamps 40 are cooled to an 
excessive degree. 

As noted above, the lens cell 52. preferably, is cooled during curing of the lens forming material as the overall inten- 
sity of the incident ultraviolet light Is increased. Cooling of the lens cell 52 generally reduces the likelihood of premature 
release by slowing the reaction and inrproving adhesion. There are also inrprovements in the optical quality, stress char- 
45 acteristics and impact resistance of the lens. Cooling of the lens cell 52 is accomplished by blowing air across the lens 
cell 52. The air has a tenperature of between 0°C and less than 20**C. The air distribution devices 94 depicted in Rg. 
5 have been found to be particularly advantageous as they are specifically designed to direct air directly across the sur- 
face of the opposed mold members 78. The air is directed to flow from the outer edges of each respective mold member 
78 to the center of the respective mold member. After passing across the surface of the opposed mold members 78, 
so the air emanating from the air distribution devices 94 is vented through vents 33. Alternatively the air emanating from 
the air disfribution devices 94 may be recycled back to an air cooler 312. such as is shown in Rgure 9. 

The opposed mold ment)ers 78. preferably, are thoroughly cleaned between each curing run as any dirt or other 
impurity on the mold members 78 may cause premature release. The mold members 78 are cleaned by any conven- 
tional means well known to those of ordinary skill in the art such as with a domestic cleaning product i.e. "Mr. Clean*^ 
55 available from Procter and Gambia Those of ordinary skill in the art will recognize, however, that many other techniques 
may also be used for cleaning the mold members 78. 

Yellowing of the finished lens may be related to the monomer conposition, the identity of the photoinitiator and the 
concentration of the photoinitiator. 

When casting a lens, particularly a positive lens that is thick in the center, cracking may be a problem. Addition 



6 



EP0 586 380B1 



polymerization reactions, including photochemical addition polymerization reactions, are exothermic. During the proc- 
ess, a large temperature gradient may build up and resulting stress may cause the lens to crack. 

When the polymerization reaction proceeds too rapidly, heat buildup inside the system which leads to cracking is 
inevitable. The likelihood of cracking increases as the temperature difference between the c&nter of the lens forming 
material and room temperature increases. During the polymerization process, several forces tending to crack the lens, 
such as shrinkage, adhesion, and thermal gradients, are at work. Other forces tending to crack the lens may occur 
when the irradiation is stopped and the lens is cooled, espedally If the lens cell 52 is allowed to cod too quicWy 

The formation of optical distortions usually occurs during the eariy stages of the polymerization reaction during the 
transformation of the lens forming composition from the liquid to the gel state. Once patterns leading to optical distor- 
tions form they are difficult to eliminate. When gelation occurs there is a rapid temperature rise. The exothermic polym- 
erization step causes a temperature increase, which in turn causes an increase in the rate of polymerization, which 
causes a further inaease in temperature. If the heat exchange with the surroundings is not sufficient enough there will 
be a runaway situation that leads to premature release, the appearance of thermally caused striations and even break- 
age. Since the rate of polymerization increases rapidly at the gelation point, this is an important phase of the reaction. 

Accordingly, it is preferred that the reaction process be smooth and not too fast but not too slow. Heat is preferably 
not generated by the process so fast that it cannot be exchanged with the surroundings. The incident ultraviolet light 
intensity preferably is adjusted to allow the reaction to proceed at a desired rate. It is also prefen-ed that tiie seal 
between the annular gasket 80 and the opposed mold members 78 is as complete as possible. 

Factors that have been found to lead to the production of lenses that are free from optical distortions are (1) achiev- 
ing a good seal between tiie annular gasket 80 and the opposed mokJ members 78; (2) using mold members 78 having 
surfaces tiiat are free from defects; (3) using a fomiulation having an appropriate type and concentration of photoiniti- 
ator that will produce a reasonable rate of temperature rise; and (4) using a homogeneous formulation. Preferably, 
these conditions are optimized. 

Premature release of the lens from the mold will result in an incompletely cured lens and the production of lens 
defects. Factors that contribute to premature release are (1) a poorly assembled lens cell 52; (2) the presence of air 
bubbles around ttie sanple edges: (3) Imperfection in gasket lip or mold edge; (4) inappropriate formulation; (5) uncon- 
trolled temperature rise; and (6) high or nonuniform shrinkage. Preferably, these conditions are minimized. 

Premature release may also occur when the apposed mold members 78 are held too rigidly by the annular gasket 
80. Preferably, there is sufficient flexibility in the annular gasket 80 to perntit the opposed mold members 78 to follow 
the lens as rt shrinks. Indeed, the lens must be allowed to shrink in diameter slightly as well as in thickness. The use of 
an annular gasket 80 that has a reduced degree of stickiness with the lens during and after curing is therefore desirable. 

In a preferred technique for filling the lens molding cavity 82. the annular gasket 80 is placed on a concave or front 
moid member 92 and a convex or back mold member 90 is moved into place. The annular gasket 80 is then pulled away 
from the edge of the back mold member 90 at the uppermost point and a lens forming composition Is injected into the 
lens molding cavity 82 until a small amount of the lens fomiing composition Is forced out around the edge. The excess 
is then removed, preferably, by vacuum. Excess liquid that is not removed could spill over tiie face of the back mold 
member 90 and cause optical distortion in the finished lens. 

Despite the above problems, the advantages offered by tiie radiation cured lens nroiding system deariy outweigh 
the disadvantages. The advantages of a radiation cured system indude a significant reduction in energy requirements, 
curing time and other problems normally assodated with conventional thermal systems. 

The lens forming material can comprise any suitable liquid monomer or monomer mixture and any suitable photo- 
sensitive initiator. The lens forming material, preferably, does not indude any component, other than a pholoinrtiator, 
that absorbs ultraviolet light having a wavelength in the range of 300 to 400 nm. The liquid lens forming material, pref- 
erably, is filtered for quality control and placed in the lens molding cavity 82 by pulling the annular gasket 80 away from 
one of the opposed mold members 78 and ir^ecting the liquid lens forming material into the lens molding cavity 82. 
Once tiie lens mdding cavity 82 Is filled with such material, the annular gasket 80 is replaced into its sealing relation 
with the opposed mdd members 78. The material can then be irradiated with ultravidet light in the manner desaibed 
above for a time period that is necessary to cure the lens forming material, preferably approximately 1 0 to approximately 
30 minutes. The uHraviolet light entering the lens molding cavity 82 preferably has a wavelength in the range of approx- 
imately 300 nm. to approximately 400 nm. 

Those skilled in the art will recognfee that once the cured lens is removed from the lens molding cavity 82 by dis- 
assembling the opposed mdd members 78, the lens can be further processed in a conventional mann^. such as by 
grinding its peripheral edge. 

Premature release may occur if ttie temperature rise of ttie lens forming composition is uncontrdled. Premature 
release may also occur if the opposed mold menders 78 are heW too rigidly by the annular gasket 80. There is prefer- 
ably suff ident f lextoilrty in ttie gaskets 80 to permit the mold members 78 to follow the lens as it shrinks. Insuffident seal- 
ing, unsuitable gasket material and/or a small residual amount of uncured material have also been found to contribute 
to premature release failures. 

For best results, botii the casting surfaces 86 and non-casting surfaces 88 of the mdd members 78 are finished to 
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optical quality. For instance, a wave on the non-casting surface 88 may be reproduced in the finished lens as a result of 
the distortion of the inddent light. 

Mold nfiaridngs cause differential light intensity conditions under the marking, even when the mark is on the non- 
casting surface 88 of the mold members 78. The fully exposed region of the lens will tend to be harder, and the lens 
may have stresses because of this. The portion of the lens under the mark will also tend to be weaker at the end of the 
curing period. This effect has been observed and may cause premature release or induce craddng. 

Mold defects at the edges interfere with the sealing oondittons and frequently induce premature release. 

Plastic lenses may be produced by in^ating the lens forming material with uftraviolet light that is prevented from 
passing through the faces of the opposed mold members 78 and instead passes through the transparertt or translucent 
wall of annular gasket 80 of the lens cell 52. By in-adiating in this manner, the thicker edge portion of a negative lens 
receives a higher level of light intensity than the thinner center portion since the light intensity drops as it passes through 
the deeper layers of the lens material and glass molds. This method has a desirable advantage of allowing the applica- 
tion of clamping pressure to the front and back molds, which is useful in controlling premature release. This technique 
will be referred to as through-tfie-gasket irradiation. 

According to the through-the-gasket irradiation technique, the annular gaskets 80, preferably, are silicone gaskets. 
Through continued use, however, silicone gaskets tend to become too opaque to allow sufficient ultraviolet light to pass 
through the gasket to complete the polymerization of the lens fbnming material. In addition, gaskets having a frosty 
appearance were obsen/ed to yield good quality lenses while gaskets that were clear were observed to yield lenses 
with optical distortions. 

The through-the-gasket irradiation techniques make it relatively easy to exert clamping pressure on the mold mem- 
bers 78. Pressure (up to 206.7 kN/m^ (30 psi)) may be applied to the mold members 78. preferably at or about the onset 
of gelation of the lens forming material, i.e. after the lens forming material is no longer liquid but before it becomes 
incompressible. At the beginning of the irradiation when the lens forming material is liquid, however, low clamping pres- 
sure (such as 8.88 N (2 lb.)) may be applied to the mold members 78, which pressure is not so great that the lens form- 
ing material leaks between the gasket 80 and the edges of the mold members 78. These techniques also tend to make 
it easier to direct evenly distributed ultraviolet light to the lens forming material. The gasket 80 serves as a diffuser and 
prevents sharp intensity gradients that occur when light is passing through the mold and there is an irregularity in the 
mold. Since the edge of a lens receives a higher intensity of ultraviolet light than the center of the lens, tfie through-the- 
gasket technique, therefore, is quite beneficial for the production of negative lenses. Rnally, since ultraviolet radiation 
does not pass through the nrold members 78 according to this technique, metal molds which are more flexible (and 
which tend to exhibit enhanced heat transfer properties) than glass molds can be utilized. 

As discussed above, the likelihood of pr^ature release may be affected by a number of often interrelated factors. 
Factors such as improper mold cleaning, mold thtekness, or gasket/mold design may contribute to premature release. 
Other factors that may contribute to prenrature release may include light intensity, the chemical formulations, and the 
amount and identity of the photoinitlator f PI"). As discussed above, an additional factor related to premature release is 
the exothermic heat generated by the reaction. 

It is believed that as %b reaction proceecfe, the heat generated tends to reduce the adhesion between the shrinking 
lens and the mold face. This reduction in adhesion tends to cause the lens to pull away from the mold. In high curvature 
(i.e. high power) lenses this problem tends to be even nrrare pronounced because of two factors: (1 ) these lenses have 
more thickness and thus more material that Is generating heat (which thus speeds up the reaction and generates more 
heat), and (2) these lenses have a greater thickness differential between the thick and thin portions of the lens, which 
tends to cause stress on the molds due to differential shrinkage. It is also possible that the temperatures generated rel- 
atively deep inside a thick lens may cause some vaporization of the monomer The vaporized monomer may then 
migrate to the lens/mold interlace, breaking the vacuum between the two. 

Because of the problem of premature release, preferably high power lenses are cured to maintain adhesion to the 
molds. Preferably the molcte flex and accomnxxjate stress. 

Preferably premature release is controlled by controlling the exothermic reaction heat. This heat is controlled by 
directing cooling air at the mold faces. Thus in a preferred en*odiment the invention includes the following steps: (1) 
pfacing a polymerizable lens forming nraterial in a moW cavity defined in part between a first mold member and a sec- 
ond mold member, (2) directing ultraviolet rays towards at least one of the first or second mold membere, and (3) cooling 
the first mold member and the second mold member with air. in a prefen-ed embodiment the ultraviolet rays are directed 
towards the mold member(s) while the first and second mold members are cooled. The above steps may be carried out 
with an apparatus for making a plastic lens that includes: (1) a first vno\6 member. (2) a second mold member spaced 
apart from the first mold member, the first and second mold memba^ defining a mold cavity, (3) an ultraviolet light gen- 
erator for generating and directing ultraviolet light towand at least one of the first and second mold members during use. 
(4) an ultraviolet light filter disposed between the ultraviolet light generator and the first mold member, and between the 
ultraviolet light generator and the second mold member, and (5) a distn*butor for directing cooling air to the mold mem- 
bers during use. 

Both the first and second mold members are "directly" cooled by the air. That is. the face of the first mold member 
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and the face of the second mold memtjer is cooled by directing air towvards the face of txrth of the mold members. The 
lace" of the moW members is the outer mold surface that is not contacting either the gasket or the lens forming mate- 
rials (see Rg. 6). The air may be directed at various angles towards the face of the mold members. 

The air is directed from the edges of the mold member faces to the center of the mold member faces. In this manner 
the air that contacts the edges of the mold members is approximately the same temperature at all the edges of the mold 
members, and approximately the same at all radii from the center of the moid members (with some variances due to 
variances in the cavity thickness at certain radii). Thus substantially the same thicknesses of the lens material are sub- 
jected to air that is substantially the same temperature, resulting In a more even cooling of the lens material. Generally 
less favorable results are achieved if air is simply directed across the mold members since the air temperature and flow 
rate at the first edge contacted by the air may be somewhat different than the air tenperature and flow rate at the sec- 
ond mold member edge. Specifically, if cooling air is passed over the lens forming material in one direction only, the side 
opposite the source of air tends to remain hotter because the air passing over it has picked up the heat from the first 
side. 

The fluid is air at a temperature of between O^'C and less than 20°C, preferably about 0-15**C. more preferably about 
0-10'*C, more preferably still about 3-8*C. In one preferred embodiment the air temperature was about 5**C. As shown 
in Figure 7, a lens forming apparatus 300 for making a plastic lens may include a cooler 31 2 for supplying cool air to the 
apparatus 300 via conduit 31 4. The air may be supplied to the apparatus 300 and then discharged via conduit 320. The 
air discharged via conduit 320 may be vented via conduit 3 1 8 or it may alternately be recirculated via conduit 3 1 6 to the 
cooler 312. The cooler 312 preferably Includes a Neslab CFT-50 water/antifreeze chiller (Newington, N.H., U.S.A.). A 
Neslab-buitt blower box designed for a mininmim temperature of 3*C and 8 cubic feet (about 0.224 cubic meters) per 
minute of air per air distributor 94 was used with the chiller. The blower box Included a heat exchanger coil through 
which chilled water was circulated, a blower, and a plenum-type arrangement for supplying air to the conduit 314. The 
remaining components of Rgure 7 are described in more detail below. 

Certain lenses may be made by controlling (e.g., cooling) the temperature of the lens material during cure with cir- 
culating uncooled air (i.e.. air at ambient temperatures), the air having a temperature of less than 20*'C The ambient air 
in these systenrts is directed towards the mold members in the same manner as described above. Circufating ambient 
temperature air permits manufacture of a wider range of prescriptions than manufacture of the lenses without any mold 
cooling at all. For instance, if the tenperature of the circulating air is held at slightiy less than room temperature (about 
1 9'*C), prescriptions from +2 to -3 diopter may be successfully cast. Higher diopters, either + or -. often tend to fail with- 
out circulating xxx>Ied fluid. 

Most polymerization factors are inten-elated. The ideal temperature of polymerization Is related to the diopter and 
thickness of tiie lens being cast Thermal nrass is a factor. Lower temperatures (below about 1 0*C) are prefen-ed to cast 
higher + or - diopter lenses. These lower temperatures tend to permit an increase in photoinitiator concentration, which 
in turn may speed up the reaction and lower curing time. 

Preventing premature release is also somewhat dependent upon the flowrates of cooling air, as well as its tenper- 
ature. For instance, if the temperature of the cooling air is decreased it may also be possible to decrease the flowrate 
of cooling air. Similarly, the disadvantages of a higher tenperature cooling air may be somewhat offeet by higher flow- 
rates of cooling air. 

In one embodiment the air flow rates for a dual distributor system (i.e., an air distril)utor above and below the lens 
conposition) are about 1 -30 standard cubic feet (about 0.028 - 0.850 standard cubic meters) per minute per distributor, 
more preferably about 4-20 cubic feel (about 0. 1 1 3-0.566 standard cubic meters) per minute per disfributor, and more 
preferably still about 9-15 (about 0.255-0.423 standard cubic meters) cubic feet per minute per distributor. "Standard 
conditions." as used herein, means SO-'F (about IS-SSe^C) and one atinosphere pressure (about 101 .325 kilopascals). 

In a prefen'ed embodiment the air distributor 94 may include 30 substantially evenly spaced orifices 98 disposed to 
allow air to be directed from the distributor 94 to the mold members. In a preferred embodiment the diameter of fifteen 
orifices 98 on the one-half of the cylindrical opening 96 closest the plenum portion 95 is about 1/4 inch (about 6.35 mm), 
and the cumulative volume flowrate of air through such orifices is estimated to be about 6.10 standard cubic feet (about 
0.173 standard cubic meters) per minute. In the same embodiment tiie diameter of fifteen orifices 98 on one-half of the 
cylindrical opening 96 opposite the plenum portion 95 is about 5/16 inch (about 7.94 mm), and the cumulative volume 
flowrate of air through such orHices is estimated to be about 8.30 standard cubic feet (about 0.235 standard cubic 
meters) per minute. Thus the total flowrate for one distributor Is estimated to be about 14.40 standard cubic feel (about 
0.408 standard cubic meters) per minute, and the total flowrate for two distributors is estimated to be about 28.80 stand- 
ard cubic feet (about 0.816 standard cubic meters) per minute. 

In the same embodiment tiie edge of the orifices 98 in the cylindrical opening 96 are tapered out. In such case the 
cumulative flowrates for the 1/4 inch (6.35 mm) orifices 98 is estimated to be about 5.89 standard cubic feet (about 
0.167 standard cubk; meters) per minute, and the fkwrate for the 5^16 inch (7.94 mm) orifices 98 is estimated to be 
about 7.02 standard cubic feet (about 0.199 standard cubic meters) per minute. Thus the total flowrate for one distrib- 
utor is estimated to be about 12.91 standard cubic feet (about 0.366 standard cubic meters) per minute, and the total 
flowrate for two distn*butors is estimated to be about 25.82 standard cubic feet (about 0.731 standard cubic meters) per 
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minute. 

In an attemate preferred en^KXtimerrt the diameter of fifteen orifices 98 on the one-hatf of the cylindrical opening 
96 closest to the plenum portion 95 are about 3/16 inch (about 4.76 mm), and the cumulative volume fiowrate of air 
through such orifices is estimated to be about 3.47 standard cubic feet (about 0.98 standard cubic meters) per minute. 
In the same embodiment the diameter of fifteen orifices 98 on the one-half of the cylindrical opening 96 opposite the 
plenum portion 95 are about 1/4 inch (about 6.35 mm), and the cumulative volume fiowrate of air through such orifices 
is estimated to be about 6.17 standard cubic feet (about 0.175 standard cubic meters) per minute. Thus the total flow- 
rate for one distributor is estimated to be about 9.64 standard cubic feet (about 0.273 standard cubic meters) per 
minute, and the total fiowrate for two distributors is estimated to be about 1 9.28 standard cubic feet (about 0.546 stand- 
ard cubic meters) per nv'nute. 

Actual f lowrates through individual orifices 98 tended to vary. The f lowrates through the orifices 98 that were closest 
to or most opposite the plenum portion 95 of air distrbution device 94 tended to have a fiowrate that is greater than ori- 
fices in between these orifices. These higher f lowrates varied up to approxinriately 1 .2-2.5 times the fiowrate of orifices 
that were in between the closest to and most opposite orifices. 

The above estinrated f lowrates for orifices 98 in a preferred embodiment were calculated using a bench model of 
air distributor 94 connected to air fiowrate measuring devices. The air f lowrates for the orifices 98 in the bench model 
were measured. The total air fiowrate through the bench model distributor 94 was measured. The total air fiowrate for 
a preferred embodiment distributor 94 was measured. The above flowrates were measured by measuring the average 
velocity across a cross-sectional area, and then multiplying such velocity by the cross-sectional area. The estimated 
flowrates for tiie preferred embodiment orifices 98 were obtained by the following equation: 

Po = B^x(Pa/B;,). 

where 

Po = estinfiated preferred ennbodiment orifices 98 fiowrate, 
Pa = measured prefen-ed embodiment distrtoutor 94 fiowrate, 
Bo= measured bench orifices 98 fiowrate, and 
Ba = measured bench distrbutor 94 fiowrate. 

To minimize premature release and produce water-white ophthalmic lenses, preferably a lens is initially cured as 
described at>ove. That is, a lens forming material is preferably initially cured at relatively low temperatures, relatively low 
ultraviolet light intensity, and relatively low photoinitiator concentrations. "Initial" or lirst" cure means the cure that trans- 
forms the liquid lens forming material into a solid material. Lenses produced as such generally have a Shore D hard- 
ness of about 60-78 (for the prefen*ed compositions) when cured for about 15 minutes as described above. The 
hardness may be improved to about 80-81 Shore D by poslcure heating tiie lens in a conventional oven for about 10 
minutes, as described above. In the initial cure it is difficult to raise the hardness and surface cure of ultraviolet cured 
lenses above the levels described above. Achieving a higher degree of hardness and cure generally requires a faster, 
hotter reaction. The faster, hotter Initial cure reaction, however, tends to lead to poorer yields and lessened lens optical 
quality. 

In a prefeaed embodiment of the invention, factors such as ttie level of cure, rigidity, and hardness of ulti^violet light 
polymerized lenses may be improved. A method of the invention to improve these factors involves making a lens as 
desCTibed above, demolding tiie lens, and then subjecting tiie lens to relatively high intensity ultraviolet light postcure 
conditions. This method may be carried out using a system partially shown in Figure 7 including: an apparatus 300 for 
making a plastic lens which includes a first mold member, a second mold member spaced apart from tiie first mold 
member, and the first and second mold members defining a mold cavity, a first ultraviolet light generator for generating 
and directing ultraviolet light towards at least one of the first and second mold members during use. an ultraviolet light 
filter disposed between the first ultraviolet light generator and the first mold member, and between tiie first ultraviolet 
light generator and the second mold member, and a distributor for directing cooling air towards the first and second 
mold members during use; a second ultraviolet light generator 304 for generating and directing ultraviolet light towards 
the lens during use; and a first heater 306 to heat ttie lens during use. The system may also include a ttiird ultraviolet 
light generator 308 for generating and directing ultraviolet light towards the lens during use after the lens has been 
heated. The system may also Include a second heater 310 for heating the lens during use after tiie ttiird uftraviolet light 
generator has directed light towards the lens. The system may also include a demolder 302. which may simply include 
a snnall hammer and chisel. 

In a prefen-ed embodiment the second and ttiird ultraviolet light generators are the same generator. In a prefen-ed 
embodiment the first and second heaters are ttie same heater. In a prefen-ed emtradiment ttie first and second heater 
may be incorporated witti ttie second and ttiird UV light generators. The system may also indude additional heaters and 
or UV light generators. 
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Preferably the second and/or third ultraviolet light generators provide uttraviolet light at an intensity of about 150- 
300 mW/cnf . more preferably about 175-250 mW/cm^. at a wavelength range of about 360-370 nm (preferably about 
365nm). Preferably the second and/or third ultraviolet light generators provide ultraviolet light at an intensity of about 
50-150 mW/cnf)2. more preferably about 75-125 mW/cm^- at a wavelength range of about 250-260 nm (preferably about 

5 254 nm). The first or initial ultraviolet light generator preferably provides ultraviolet light at a total intensity (from both 
sides) of less than 10 mW/cm^ (preferably about 0.3-2.0 mW/crn^. Thus preferably the second or third ultraviolet light 
generators provide at least about 2, 5, 1 0. 20. 40. 1 00, 500. 1 000, and/or 1 800 times the intensity of ultraviolet light than 
is provided by the first ultraviolet light generator. Preferably these generators provide about 40-1 00, 1 00-500. 500-1 800. 
100-1800, and/or 40-1800 times the amount of light provided by the first ultraviolet light generator. Preferably the lens 

10 is exposed to the ultraviolet light in the second, third and/or subsequent ultraviolet light generators for less than about 
5 minutes, more preferably less than 1 .0 minute, and more preferably still less than about 30 seconds. Preferably this 
exposure time is about 0.1-300 seconds, more preferably about 0.1-60 seconds, and more preferably still about 0.1-30 
seconds. In another preferred embodiment the exposure time was less than 5 minutes. Generally as the intensity of the 
light is increased, the e3qx)sure time may be decreased, and vice versa. 

15 Preferably the lens is heated in the first or second heaters for less than about 180 minutes, more preferably less 
than 30 minutes, and more preferably still less than about 1 0 minutes. Preferably the lens is heated in the second and/or 
third heaters at a temperature of about 65-180*»C, more preferably about 85-140*C, and more preferably still about 100- 
120**C. Generally as the temperature is decreased, the amount of heating time should be increased, and vice versa. In 
another prefen-ed embodiment the heating time was 1^ than 5 seconds. 

20 The lens is preferably cleaned {e.g., in a 50 volume % methanol/water solution) prior to exposing the lens to the 
relatively high intensity light. The relatively high intensity light may include relatively long and/or short wavelengths. The 
lens may tiien be heated. The \ens may be repeatedly exposed to relatively high intensity ultraviolet light. The lens may 
be repeatedly heated. 

In a preferred embodiment, the high intensity light may be provided with mercury vapor lamps provided in a 
25 UVEXS, Inc. Model CCD curing chamber (Sunnyvale, CA. U.S.A.). 

It is believed that shorter wavelengths tend to improve the extent of surface cure and that longer wavelengtiis tend 
to increase the extent of cure within the middle portions of the lens. Thus it is preferably to use botii shorter and longer 
ultraviolet light wavelengths for the second and third ultraviolet light generators. Exposure to the relatively high intensity 
U V wavelengtiTs tends to yellow tiie lens, however sut»sequently heating ttie lens tends to reduce and/or eliminate this 
30 yellowing. Preferably the lens is heated to about 1 10-120**C. Heating also allows radicals to terminate and tends to 
increase the aosslinWng of the compounds within tiie lens. The polymerization strain also tends to be reduced during 
heating. 

Lenses cured according to tiie above procedure exhibited a Shore D hardness of above 83. with most lens about 
83-85. These lenses also were more rigid and tended to warp less when inserted into an eyeglass frame after edging. 

35 There was negligible difference in the impact resistance and scratch resistance of the lenses cured in this fashion, com- 
pared to lenses cured without exposure to the relativdy high intensity UV light. It is anticipated that the postcure meth- 
ods described above will tend to remedy lesser defects that may occur in the first cure using the first UV light generator. 
For instance, the cure level for relatively low mass lenses during the first cure may be less important since the postcure 
will tend to ensure that tiie lenses are adequately cured. In like manner, different lens compositions tiiat do not cure to 

40 form ophtiialmic quality lenses in tiie first cure may be now usable since the postcure metiiod may increase the qualrty 
of ttie cured lenses. For instance, the amount of photdntiator and/or stabilizers in the initial composition may be varied 
over a broader range and still achieve acceptable water-white lenses. 

In an alternate mettiod for making a lens, the desired curvature (i.e.. power) of tiie lens may be varied using tiie 
same molds, but with different light distributions. In this manner one mold may be used to prepare different lenses with 

45 different curvatures. The method includes the steps of: (1) placing a polymerizaWe lens forming material in a mokl cav- 
ity defined in part between a first mold member and a second mold member, and wherein the cavity defines a theoret- 
ical curvature that is different from the desired curvature, (2) directing ultraviolet rays towards at least one of the first 
and second mold members, and wherein tiie ultraviolet rays are directed towards ttie first or second mold member such 
that ttie material cur^ to form a lens with the desired curvature, and (3) contacting air against the first or second mold 

50 mmber to cool the first or second mold manber. The resulting lens cunrature may vary depending on tiie way the ultra- 
violet light is directed towards tiie first or second mold members. That is, by varying the relative intensity of ttie light 
across the lens material radii. It is possible to vary the curvature of ttie resulting lens. 

Lens curvatures may also vary when the lenses are subjected to postcure heating. Thus the curvature of the lenses 
may be varied by exposing the lens material to UV light and then demdding and heating the lens. The heating may 

55 then result in the desired curvature, and ttiis curvature may be different from tiie tiieoretical curvature expected from 
the dimensions of the mold cavity, as well as the cunmture obtained after tiie lens has been exposed to the initial UV 
light 

The present invention will now be described in more detail with reference to the following examples. These exam- 
ples are merely illustrative of ttie present invention and are not intended to be limiting. 
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EXAMPLE 1 ■ REDUCED TEMPERATURE CURING 

Formulation: 



17% 


Bisphenol A BisAllyl Carbonate 


10% 


1,6 Hexanediol dimethacrylate 


20% 


Trimethylotpropane triaaylate 


21% 


Tetraethyleneglycol diacrlate 


32% 


Tripropyleneglycol diacrlyate 


0.012% 


1 Hydroxycyclohexyl phenyl ketone 


0.048 


Methylbenzoylformate 


<10PPM 


Hydroquinone & Methylethylhydroquinone 



Hydroquinone and Methylethylhydroquinone were stabilizers present in some of the diacrylate and/or triacrylate 
compounds obtained from Sartomer. Preferably the amount of stabilizers is minimized since the stabilizers affect the 
rate and amount of curing. If larger announts of stabilizers are added, then generally larger anrounts of photoinitiators 
must also be added. 

Light Condition: mW/cm^ measured at plane of sample 





Center 


Edge 


Top: 
Bottom: 


0.233 
0.217 


0.299 
0.248 



35 

Air Flow: 0.26 standard cubic metres per minute (CMM) (9.6 standard cubic feet per minute ("CFM")) per 

manifold / 0.53 CMM (19.2 CFM) total on sample 

40 Air Temperature: 4.4 degrees Centigrade 

Molds: 80 mm diameter Corning #8092 glass 



45 





Radius 


Thickness 


Concave: 
Convex: 


170.59 
62.17 


2.7 
5.4 



50 



Gasket: General Electric SE6035 silicone rubber with a 3 mm thick lateral lip dimension and a vertical lip 

dimension sufficient to provide an initial cavity CBiter thickness of 2.2 mm. 

55 

Filling: TTie molds were cleaned and assembled into the gasket The moW/gasket assembly was then tem- 

porarily positioned on a fixture which held the two molds pressed against the gasket lip with about 
1 kg. of pressure. The upper edge of the gasket was peeled back to allow about 27.4 grams of the 
monomer blend to be charged into the cavity. The upper edge of the gasket was then eased back 
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into place and the excess monomer was vacuumed out vwth a small aspirating device. K is prefer- 
able to avotti having monomer drip onto the noncasting surface of the mold because a drop tends 
to cause the ultraviolet light to become locally focused and may cause an optical distortion In the 
final product 



Curing: The sample was Irradiated for fifteen minutes under the above conditions and removed from the 

curing chamber. The molds were separated from the cured lens by applying a sharp impact to the 
junction of the lens and the convex mold. The sample was then postcured at 1 10 in a conven- 
tional gravity type thermal oven for an additional ten minutes, removed and allowed to cool to room 
temperature. 

Results: The resulting lens measured 72 mm in diameter, with a central thickness of 2.0 mm, and an edge 

thickness of 9.2 mm. The focusing power measured -5.05 diopter. The lens was water dear 
(Vater-white"), showed negligible haze, exhibited total visible light transmission of about 94%. and 
gave good overall optics. The Shore D hardness was about 80. The sample withstood the irrpact 
of a 2.54 cm (1 inch) steel ball dropped from 127 cm (fifty inches) in accordance with ANSI 280.1- 
1 987, 4.6.4 test procedures. 

EXAMPLE 2 - REDUCED TEMPERATURE CURING 

Formulation: 



17% 


Bisphenol A BisAllyl Carbonate 


10% 


1.6 Hexanediol dimethacrylate 


20% 


Trimethylolpropane triacrylate 


21% 


Tetraethyleneglycol diacrlate 


32% 


Tripropyleneglycol diacrlyate 


0.012% 


1 Hydroxycydohexyl phenyl ketone 


0.048% 


Methylbenzoylfonniate 


<10PPM 


Hydroquinone & Methylethylhydroquinone 



Light Condition: mW/cm^ measured at plane of sample 





Center 


Edge 


Top: 
Bottom: 


0.251 
0.236 


0.330 
0.265 



Air Row: 0.26 CMM (9.6 CFM) per manifold / 0.53 CMM (1 9.2 CFM) total on sample 

Air temperature: 4.4 degrees Centigrade 

Molds: 80 mm dia. Corning #8092 glass 
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Radius 


Thickness 


Concave: 
Convex: 


113.28 
78.64 


3.2 
5.5 



Gasket: General Electric SE6035 silicone rubber with a 3 mm thick lateral lip dimension and a vertical lip 

dimension suif Icient to provide a initial cavity center thickness of 1 .9 mm. 

Filling: The molds were cleaned and assenrtoled into the gasket. The mold/gasket assembly was them 

temporarily positioned on f ixture which held the two molds pressed against the gasket lip with about 
1 kg. of pressure. The upper edge of the gasket was peeled back to allow about 1 5. 1 grams of the 
monomer Wend to be charged into the cavity. The upper edge of the gasket was then eased back 
into place and the excess monomer was vacuumed out with a small aspirating device. It is prefer- 
able to avoid having monomer drip onto the noncasting surface of the mold because a drop will 
cause the ultraviolet light to t^ecome locally focused too strongly on the nrK)nomer in the cavity and 
may cause an optical distortion in the final product. 

Curing: The sample was irradiated for fifteen minutes under the above conditions and renwed from the 

curing chamber. The molds were separated from the cured lens by applying a sharp impact to the 
junction of the lens and the convex mold, the sample was then postcured at 1 10 degrees C in a 
conventional gravity type tha-mal oven for an additional ten minutes, removed and allowed to cool 
to room temperature. 

Results: The resulting lens measured 73 mm in diameter, with a central thickness of 1 .7 mm. and an edge 

thickness of 4.3 mm. The focusing power measured -1.90 diopters. The lens was water clear, 
showed no haze, exhibited total visible light transmission of 94%, and gave good overall optics. The 
Shore D hardness was 81. The sanple withstood the impact of a 2.22 cm (7/8 inch) steel ball 
dropped from 127 cm (fifty inches) in accordance with ANSI 280.1-1987, 4.6.4 test procedure. 

Claims 

1 . A method for making a plastic lens, comprising: placing a polymerizable lens forming material in a mold cavity (82) 
defined between a first nrold member (78) with a face (86), and a second mold member (78) with a face (86) and a 
gasket (80); and directing ultraviolet rays (40) towards at least one of the first or second mold members or said gas- 
ket while substantially simultaneously cooling the first mold member and the second mold member characterised 
in that the cooling is effected by directing air at a temperature of between O'C and less than 20'*C towards the faces 
of the first and second mold merribers. the air being directed from the edges of the first mold member to the center 
of the first mold member, and from the edges of the second mold member to the center of the second mold mem- 
ber. 

2. The method of claim 1 wherein the air temperature is about 0-1 S'C. 

3. The method of any of the above dainns wherein the air temperature is about 0-1 0*C. 

4. The method of any of the above claims wherein the air tenrperature is about 3-8**C. 

5. The method of any of the above daims wherein the mold cavity (82) is substantially cylindrical and the height of the 
cavity varies across the diameter of the cavity; and wherein the intensity of the ultravidet rays is varied approxi- 
mately in proportion to the height of the cavity. 

6. The method of any of the above claims, further comprfeing directing air at a rate of about 0.028-0.850 standard 
cubic meters (1-30 standard cubic feet) per minute toward the first mold member to cool the first mdd member, and 
directing air at a rate of about 0.028-0.850 standard cubic meters (1 -30 standard cubic feet) per minute toward the 
second mold member to cool the second mold member. 
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7. The method of claim 6 wherein the rate of air contacting the first mold member Is about 0.113-0.566 standard cubic 
meters (4-20 standard cubic feel) per minute, and the rate of air contacting the second nrtotd mennber is about 
0.113-0.566 standard cubic meters (4-20 standard feet) per minute. 

8. The method of claim 6 wherein the rate of air contacting the first mold member is about 0.255-0.423 standard cub 
meters (9-15 standard cub feet) per nrtinute. and the rate of air contacting the second mold member is about 0.255- 
0.423 standard cubic meters (9-15 standard cubic feet) per minute. 

9. The method of any of the above claims wherein the mold cavity is defined in part between a first mold member (78) 
with a thickness of about 1 .0-50 mm and a second mold member (78) with a thickness of about 1 .0-5.0 mm. 

10. The method of claim 9 wherein the first or second mold member (78) has a thickness of about 2.0-4.0 mm. 

1 1 . The method of claim 9 wherein the first or second mold member (78) has a thickness of about 2.5-3.5 mm. 

12. The method of any of the above claims wherein the polymerizable lens forming material is placed in a mold cavity 
defined in part between the first mold member and a second mold member separated by an annular gasket, and 
wherein rays of ultraviolet light are directed through the annular gasket to cure the lens forming material. 

1 3. The method of claim 12, further comprising preventing rays of ultraviolet light from impinging against the first or sec- 
ond mold members. 

14. A method according to any one of claims 1 -1 1 for making a plastic lens with a desired curvature, wherein the cavity 
defines a theoretical cunature that is different from the desired curvature; and wherein said ultraviolet rays are 
directed towards at least one of the first and second mokJ members so that portions of the material in the cavity 
receive different intensities of ultraviolet light from other porttons of the material in the cavity, thereby allowing the 
material to form a lens with the desired curvature. 

15. The method of claim 14, further comprising demolding the lens, and heating the lens. 

1 6. The method of claim 1 5 wherein the heating forms the lens with the desired curvature. 

1 7. The method of any one of claims 1 4-16 wherein the intenaty of the ultraviolet rays is varied across the first or sec- 
ond nwld members such that the material cures to form the lens with the desired curvature. 

18. The method of any daim 1-1 1 or 14-17. wherein the ultraviolet rays are directed at a total intensity of less than 
about 10 mW/cm^ toward at least one of the nrwkJ members to cure the material to form a lens, and further com- 
prising demolding the lens following sakJ cooling step and subsequently directing a second set of ultraviolet rays at 
the lens at an intensity of about 150-300 mW/cm^ at a wavelength range of about 360-370 nm, and about 50-150 
mW/cm^ at a wavelength range of about 250-260 nm. 

19. The method of claim 18. further comprising directing a third set of ultraviolet rays tovrards the lens. 

20. The method of daim 19, further comprising heating the lens after the third set of ultraviolet rays are directed 
towards the lens. 

21. The method of claim 20 wherein the lens is heated to a temperature of about 65-180*'C. 

22. The method of claim 20-21 wherein the lens is heated for less than about 30 minutes. 

23. The method of any one of claims 19-22 wherein the second set of ultraviolet rays are directed at a lens for less than 
about 1 minute. 

24. The method of claim 19 or any claim dependant thereon wherein the intensity of the third set of ultraviolet rays is 
about 150-300 mW/cm^ at a wavelength range of about 360-370 nm, and about 50-150 mW/cm^ at a wavelength 
range of about 250-260 nm. 

25. The method of claim 19 or any daim dependant thereon wherein the third set of ultraviolet rays are directed at the 
lens for less than about 1 minute. 
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26. The method of daim 20 or any claim dependant thereon wherein the lens is heated for less than about 30 minutes 
after the third set of ultraviolet rays are directed towards the lens. 

27. Apparatus for making a plastic lens, comprising: a first mold member (78); a second mold member (78) spaced 
apart from the first mold men^^er (78), the first and second mold members each having face (86) and defining a 
mold cavity (82); an ultraviolet light generator (40) for generating and directing ultraviolet light toward at least one 
of the first and second mold memba^ during use; an ultraviolet light filter (54) disposed between the ultraviolet light 
generator and the first mold member and between the ultraviolet light generator and the second mold member; 
characterised in that the apparatus further comprises a distributor (94) adapted to direct air at a temperature of 
between O'C and less than 20**C toward the first and second mold members while the ultraviolet light is substan- 
tially simultaneously directed towards at least one of the first and second mold members during use, the distributor 
being connected to di^ribute air during use from the edges of the first mold mentoer to the center of the first mold 
member, and from the edges of the second mold member to the center of the second mold member. 

28. The apparatus of daim 27 wherein the air temperature is about 0-1 S^C. 

29. The apparatus of daim 28 wherein the air temperature is about O-IO^'C. 

30. The apparatus of daim 29 wherein the air temperature is about 3-8''C. 

31. The apparatus of any one of daims 27-30 wherein the mokJ cavity is cylindrical and the height of the cavity varies 
across the diameter of the cavity. 

32. The apparatus of any one of daims 27-31 wherein the filter (54) is positioned to direct ultraviolet light during use 
with an intensity that varies in proportion to the height of the cavity. 

33. The apparatus of any one of daims 27-32 wherein the filter (54) comprises a disk of opaque material for redudng 
the intensity of ultraviolet light reaching the center of the mold members relative to the intensity of ultraviolet light 
reaching the the edge of the mold members during use. 

34. The apparatus of any one of daims 27-33 wherein the filter (54) comprises a ring of opaque material for redudng 
the intensity of ultraviolet light reaching the edge of the mold members relative to the intensity of ultraviolet light 
reaching the center of the mold merhbers during use. 

35. The apparatus of any one of daims 27-34 wherein the filter (54) comprises a transparent sheet material having a 
plurality of ultraviolet light absolving shapes printed thereon. 

36. The apparatus of claim 35 wherein the density per unit area of the shapes is at a minimum at a point corresponding 
. to the greatest distance between the first mold member (78) and the second mold member (78) and wherein the 

density per unit area of the shapes is at a maximum at a point corresponding to the smallest distance between the 
first mold member arxJ the second mdd member. 

37. The apparatus of any one of daims 27-36 wheran the distributor (94) conoprises an air jet having a substantially 
cylindrical bore (96), and the bore has a plurality of openings (98) disposed about the drcumference thereof. 

38. The apparatus of daim 37 wherein the average diameter of the openings (98) in the air jet varies about the circum- 
ference of the bore (96). 

39. The apparatus of any one of daims 37 or 38 wherein the air jet comprises an air inlet and the diameter of the open- 
ings (98) te at a mininruim adjacent the air inlet (12). and the diameter of the openings is at a maximum at a pdnt 
along the circumference of the bore that is opposite the bores having minimum diameter. 

40. The apparatus of any one of daims 27-39 wherein the distributor (94) is adapted to direct during use about 0.028- 
0.850 standard cub meters (1 -30 standard cubic feet) per minute toward the first mold member (78) to cool the first 
mold memben and about 0.038-0.850 standard cubic meters (30 standard cubic feet) per minute toward the second 
mold member (78) to cool the second mold member. 

41 . The apparatus of daim 40 wherein the distributor (94) is adaptable to direct during use about 0.1 1 3-0.566 standard 
cub meters (4-20 standard cubic feet) per minute towards the first mold member (78) to cool the first mold member, 
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and about 0.113-0.566 standard cubic meters (4-20 standard cubic feet) per minute towards the second mold 
member (78) to coo! the second mold member. 

42. The apparatus of claim 40 wherein the distributor (94) is adaptable to direct during use about 0.255-0.423 standanj 
cubic meters (9-15 standard cubic feet) per minute towarcfe the first mold member to cool the first nrold member 
(78) and about 0.255-0.423 standard cubic meters (9-15 standard cubic feet) per minute towards the second moid 
member (78) to cool the second mold member. 

43. The af^aratus of any one of claims 27-42 wherein the first and second mold members (78) each have a thickness 
of less than about 5.0 mm. 

44. The apparatus of claim 43 wherein the mold members (78) have a thickness of about 2.0-4.0 mm. 

45. The apparatus of daim 43 wherein the mold members (78) have a thickness of about 2.5-3.5 mm. 

46. The apparatus of any one of claims 27-45, further comprising a second ultraviolet light generator (304) for gener- 
ating and directing ultraviolet light towards the lens during use. and a first heater (306) to heat the lens during use. 

47. The apparatus of claim 46. further comprising a third ultraviolet light generator (308) for generating and directing 
ultraviolet light against the lens during use after the lens has been heated. 

48. The apparatus of daim 47. further comprising a second heater (3 1 0) to heat the lens during use after the third ultra- 
violet light generator (308) has directed light against the lens. 

PatentansprQche 

1. Verfahren zum Herstellen einer Kunststofflinse, umfassend: Anordnen eines polymerisierbaren linsenbiidenden 
Materials in einem Formenhohlraum (82), festgelegt zwischen einem ersten Formglied (78) mrt einer Flache (86) 
und einem zweiten Formglied (78) mit einer Rache (86) und einer Dichtuhg (80); und Richten ultravioletler Strahlen 
(40) auf das erste Formglied, das zweite Formglied und/oder die Dichtung, wahrend eines simuHanen KQhIens d^ 
ersten Fonmglieds und des zweiten Fbrmglieds, dadurch gekennzeichnet, daB das Kuhlen durch Richten von Luft 
mit einer Temperatur von zwischen 0 <*C und weniger als 20 *C auf die FlSchen des ersten und zweiten Formglieds 
bewirkt wird, wobei die Luft von den Kanten des ersten Fbrmglieds in die Mitte des ersten Formglieds und von den 
Kanten des zweiten Formglieds in die Mitle des zweiten Formglieds gefOhrt wird. 

2. Verfahren nach Anspruch 2, dadurch gekennzeichnet, daB die Lufttenr^peratur ungefahr 0 bis 15 ''C betragt. 

3. Verfahren nach einem der vorangehenden AnsprOche, dadurch gekennzeichnet. daB die Lufttemperatur ungefahr 
Obis10*»C betragt 

4. Verfahren nach einem der vorangehenden AnsprOche, dadurch gekennzeichnet. daB die Lufttemperatur ungefahr 
3 bis 8 ""C betragt 

5. Verfahren nach einem der vorangehenden AnsprOche. dadurch gekennzeichnet. daB der Fomienhohlraum (82) im 
wesentlichen zylindrisch ist, und die HOhe des HoWraums Qber den Durchmesser des Hohlraums variiert; und daB 
die Intensitat der uhravioletten Strahlen ungefahr proportional zu der H6he des Hohlraums variiert wird. 

6. Verfahren nach einem der vorangehenden AnsprOche, ferner gekennzeichnet durch Richten von Luft mit einer Rate 
von ungefahr 0.028 bis 0,850 Standardkubikmeter (1 bfe 30 StandardkubikfuB) pro Minute auf das erste Fomiglied. 
um das erste Formglied zu kOhlen. und Richten von Luft mit einer Rate von ungefShr 0,028 bis 0,850 Standardku- 
bikmeter (1 bis 30 StandardkubikfuB) pro Minute auf das zweite Formglied, um das zweite Formglied zu kOhlen. 

7. Verfahren nach Anspruch 6, dadurch gekennzeichnet, daB die Rale der Luft die das erste Formglied kontaktiert. 
ungefahr 0.1 13 bis 0.566 Standardkubikmeter (4 bis 20 StandardkubikfuB) pro Minute betragt und die Rate der 
Luft, die das zweite Formglied kontaktiert. ungefahr 0,113 bis 0.566 Standardkubikmeter (4 bis 20 StandaitifuB) 
pro Minute betragt 

8. Verfahren nach Anspmch 6. dadurch gekennzeichnet. daB die Rate der Luft. die das erste Formglied kontaktiert, 
ungefahr 0.255 bis 0.423 Standardkubikmeter (9 bis 15 StandardkubikfuB) pro Minute betragt. und die Rate der 
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Luft. die das zweite Formglied kontaktiert ungeffthr 0^55 bis 0,423 Standardkubikmeter (9 bis 1 5 Standardkubik- 
fuB} pro Minute betragt 

9. Verfahren nach einem der vorangehenden AnsprOche. dadurch gekennzeichnet. daB der Fbrmenhohlraum zum 
Teil zwischen einem ersten Fomiglied (78) mrt einer Dicke von ungefahr 1.0 bis 50 mm und einem zweiten Form- 
glied (78) mit einer Dicke von ungefahr 1,0-5.0 mm festgeiegt wird. 

10. Vertahren nach An^ruch 9. dadurch gekennzeichnei. daB das erste oder zweite Formglied (78) eine Dicke von 
ungefahr 2.0 bis 4.0 mm aufweist. 

11. Verfahren nach Anspruch 9, dadurch gekennzeichnet, daB das erste oder zweite Formglied (78) eine Dicke von 
ungefahr 2.5 bis 3.5 mm aufweist. 

1 2. Verfahren nach einem der vorangehenden Anspruche, dadurch gekennzeichnet daB das polymerisierbare Linsen- 
bildungsmaterial in einen Formenhohlraum plaziert wird, der zum Teil zwischen dem ersten Formglied und einem 
zweiten Formglied festgeiegt ist die durch eine ringfOrmige Dichtung voneinander getrennt sind. und daB die 
Strahlen des ultravioletten Uchts durch die ringfOrmige Dichtung gefOhrt werden, urn das Linsenbildungsmaterial 
auszuharten. 

13. Verfahren nach Anspruch 12, ferner gekennzeichnet durch Verhindern. daB Strahlen des ultravioletten Uchts auf 
das erste oder zweite Formglied auftreffen. 

14. Verfahren nach einem der AnsprQche 1 bis 1 1 zum Herstellen einer Kunststofflinse mit einer gewQnschten KrQm- 
mung. dadurch gekennzeichnet. daB der Hohlraum eine theoretische KrOmmung festlegt, die sich von der 
gewQnschten Krummung untersdieidet. und daB besagte uttravioletten Strahlen auf das erste und/oder das zweite 
Formglied gerichtet werden. so daB Teile des Materials in dem Hohlraum unterschiedliche Intensitaten an ultravio- 
lettem Licht von unterschiedlichen Bereichen des Materials in dem Hohlraum enipfangeh, wodurch dem Material 
ermOglicht wird. eine Linse mit der gewQnschten KrQmmung zu bilden. 

15. Verfahren nach Anspruch 14. ferner gekennzeichnet durch Entformen der Linsen und Aufwarmen der Linse. 

16. Verfahren nach Anspruch 15, dadurch gekennzeichnet, daB das Aufwarmen die Linse mit der gewQnschten Krum- 
mung bildet. 

17. Verfahren nach irgendeinem der Anspruche 14 bis 16, dadurch gekennzeichnet. daB die Intensitai der ultraviolet- 
ten Strahlen Qber das erste oder zweite Formglied variiert wird. so daB das Material ausgehartet wird. um die Linse 
mit der gewQnsditen KrQmmung zu bilden. 

18. Verfahren nach einem der AnsprQche 1 bis 11 oder 14 bis 17. dadurch gekennzeichnet. daB die ultravioletten 
Strahlen mit einer Qesamtintensrtat von weniger als ungefahr 10 mW/cm? auf zumindest eines 6&r Formglieder 
gerichtet wird. um das Material auszuharten. um eine Linse zu bilden, und ferner umfaBt ist, die Linse zu entfor- 
men, folgend besagtem KQhlschritt, und anschlieBend einen zweiten Satz an ultravioletten Strahlen auf die Linse 
mit einer Intensitai von ungefahr 150 bis 300 mW/cm^ in einem Welleniangenbereich von ungefahr 360 bis 370 nm 
und ungefahr 50 bis 150 mW/cnf in einem Welleniangenbereich von ungefahr 250 bis 260 nm zu richten. 

19. Verfahren nach Anspruch 18, ferner gekennzeichnet durch Richten eines dritten Satzes an ultravioletten Strahlen 
auf die Linse. 

20. Verfahren nach Anspmch 19, femer gekennzeichnet durch Enwarmen der Linse, nachdem der dritte Satz an ultra- 
violetten Strahlen auf die Linse gerichtet worden ist. 

21 . Verfahren nach Anspruch 20, dadurch gekennzetehnet daB die Linse auf eine Temperatur von ungefahr 65 bis 180 
**C aufgewarml wird. 

22. Verfahren nach Anspruch 20 bis 21, dadurch gekennzeichnet, daB die Linse fOr weniger ate ungefahr 30 Minuten 
aufgewarnrrtwind. 

23. Verfahren nach einem der AnsprQche 19 bis 22, dadurch gekennzeichnet. daB der zweite Satz an ultravioletten 
Strahlen auf eine Unse fQr weniger als ungefahr eine Minute gerichtet wird. 
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24. Verfahren nach Anspruch 1 9 Oder einem davon abhangigen Anspruch, dadurch gekennzeichnet, daB die Intensitat 
des dritten Satzes an uttravioletten Strahlen ungefShr 150 bis 300 mW/cm^ in anem Welleniangenbereich von 
ungefahr 360 bis 370 nm und ungefahr 50 bis 150 mW/ cnrr^ In einem Welleniangenbereich von ungefahr 250 bis 
260 nm betrdgt. 

25. Verfahren nach Anspruch 19 oder einem davon abhangigen Anspruch. dadurch gekennzeichnet, daB der dritte 
Satz an ultravloietten Strahlen fOr weniger als eine Minute auf die Linse gerichtet wird. 

26. Verfahren nach Anspruch 20 oder einem davon abhangigen Anspruch, dadurch gekennzeichnet, daB die Linse fOr 
weniger ais ungefahr 30 Minuten aufgewarmt wird, nachdem der dritte Satz an uHravioletten Strahlen auf die Linse 
gerichtet worden isL 

27. Vonrichtung zum Herstellen einer Kunststofflinse, umfassend: ein erstes Formglied (78); ein zweites Fbrmglied 
(78), raumlich getrennt von dem ersten Fonmglied (78), wobei das erste Formglied und das zweite Formglied 
jeweils eine Rache (86) aufweisen und einen Fbrmenhohlraum (82) festlegen; ein Ultraviolettlichtgenerator (40) 
zum Erzeugen von ultraviolettem Licht und Richten desselben auf das erste und/oder zweite Formglied im Betrieb; 
einen Ultraviolettlichtfilter (54), angeordnet zwischen dem Ultraviolettlichtgenerator und dem ereten Formglied und 
zwischen dem UltraviolettlichtgeneratDr und dem zweiten Formglied; dadurch gekennzeichnet, daB die Von-ichtung 
ferner einen Verteiler (94) aufweist. geeignet. Luft mit einer Temperatur von zwischen 0 "C und weniger als 20<*C 
auf das erste und zweite Formglied zu richten, wahrend das ultravidette Licht im wesentlichen simultan auf das 
erste und/ oder zweite Fomiglied im Betrieb gerichtet ist, wobei der Verteiler angeschlossen ist, urn Luft im Betrieb 
von den Kanten des ersten Formglieds in der Mitle des ersten Fbrmglieds und von den Kanten des zweiten Form- 
glieds in die Mitte des zweiten Formglieds zu verteilen. 

28. Vorrichtung nach Anspruch 27, dadurch gekennzeichnet, daB die Lufttemperatur ungefahr 0 bis 15 **C betragt. 

29. Vorrichtung nach Anspruch 28, dadurch gekennzeichnet, daB die Lufttemperatur ungefahr 0 bis 10 **C betragt. 

30. Vorrichtung nach Anspruch 29, dadurch gekennzeichnet. daB die Lufttemperatur ungefahr 3 bis 8 *C betragt. 

31. Vorrichtung nach einem der AnsprOche 27 bis 30. dadurch gekennzeichnet daB der Formenhohlraum zylindrisch 
ist, und die HOhe des Hohlraums Ober den Durchmesser variiert. 

32. Vorrichtung nach einem der AnsprOche 27 bis 31, dadurch gekennzeichnet. das der Fitter (54) angeordnet ist, um 
ultraviolettes Licht im Betrieb mrt einer Intensitat zu fuhren, die proportional zu der HOhe des Hohlraums variiert. 

33. Vorrichtung nach einem der AnsprOche 27 bis 32. dadurch gekennzeichnet. daB der RIter (54) eine Scheibe aus 
opakem Material zum Reduzieren der Intensitat an ultraviolettem Ucht das die Mitte der Formglieder erreicht, rela- 
tiv zu der IntenshSt an ultraviolettem Licht, das die Kante der Formglieder erreicht, im Betrieb, umfaBt. 

34. Vorrichtung nach einem der AnsprOche 27 bis 33, dadurch gekennzeichnet, daB der RIter (54) einen Ring aus opa- 
kem Material zum Reduzieren der Intensitat an uftraviolettem Ucht, das die Kante der Formglider erreicht. relativ 
zu der Intensitat an ultraviolettem Licht. das die Mitte der Formglieder en-eicht. im Betrieb, umfaSt. 

35. Vorrichtung nach einem der AnsprOche 27 bis 34. dadurch gekennzeichnet, daB der Filter (54) ein transparentes 
Lagenmaterial umfaBt, das eine Vielzahl von Formen, die darauf gedruckt sind, aufweist, die uttravioletles Ucht 
absolutierend sind. 

36. Von-ichtung nach Anspruch 35, dadurch gekennzeichnet. daB die Dichte pro Einheitsfiache der Formen an einem 
Punkt ein Minimum aufweist, der den grOBten Absland zwischen dem ersten Fomiglied (78) und dem zweiten 
Formglied (78) darslellt. und die Dichte pro Einheitsfiache der Formen an einem Punkt ein Maximum aufweist. der 
dem Weinslen Abstand zwischen dem ersten Formglied und dem zweiten Fomiglied entsprichL 

37. Von-ichtung nach einem der AnsprOche 27 bis 36, dadurch gekennzeichnet, daB der Verteiler (94) eine LuftdOse 
umfaBt, die eine im wesentlichen zylindrische Bohrung (96) umfaBt, und die Bohrung eine Vielzahl von Offnungen 
(98) aufweist. die um ihren Umfang herum angeordnet sind. 

38. Von-ichtung nach Anspruch 37. dadurch gekennzeichnet, daB der durchschnrttliche Durchmesser der Offnungen 
(98) in der LuftdOse um den Umfang der Bohrung (96) herum variiert 
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39. Vorrichtung nach einem der Ar^rQche 37 Oder 38. dadurch gekennzeichnet da6 die LuftdDse einen LxifteinlaB 
umfaBt. und der Durchmesser der Offnungen (98) ein Minimum benachbart zu dem UrfteinlaB (12) hat. und der 
Durchmesser der Offnungen an einem Punkt enttang des Umfangs der Bohrung. der den Bohrungen, die einen 
minimalen Durchmesser aufweisen. gegenOber liegt, maximal ist. 

40. Vonichtung nach einem der AnsprOche 27 bis 39. dadurch gekennzeichnet daB der Verteiler (94) dazu geeignet 
Ist, Im Betri^ ungefdhr 0.028 bis 0,850 Standardkubikmeter (1 bis 30 StandardkubikfuB) pro Minute auf das erste 
Fonnglied (78) zu richten, urn das erste Formglied zu kOhlen, und ungefdhr 0.038 bis 0.850 Standardkubikmeter 
(30 StandardkubikfuB) pro Minute auf das zweite Formglied (78) zu richten, um das zweite Formglied zu kuhlen. 

41 . Vorrichtung nach Anspruch 40. dadurch gekennzeichnet daB der Verteiler (94) dazu geeignet ist. im Betrleb unge- 
fdhr 0,113 bis 0,566 Standardkubikmeter (4 bis 20 StandardkubikfuB) pro Minute auf das erste Fomiglied (78) zu 
richten, um das erste Fonnglied zu kOhlen. und ungefahr 0, 113 bis 0,566 Standardkubikmeter (4 bis 20 Standard- 
kubikfuB) pro Minute auf das zweite Formglied (78) zu richten, um das zweite Fonnglied zu kQhIen. 

42. Vorrichtung nach Anspruch 40, dadurch gekennzeichnet daB der Verteiler (94) dazu geeignet ist. im Betrieb unge- 
fahr 0.255 bis 0.423 Standardkubikmeter (9 bis 15 StandardkubikfuB) pro Minute auf das erste Fonnglied zu rich- 
ten, um das erste Formglied (78) zu kOhlen, und 0.255 bis 0,423 Standardkubikmeter (9 bis 1 5 StandardkubikfuB) 
pro Minute auf das zweite Formglied (78) zu fOhren, um das zweite Fonnglied zu kOhlen. 

43. Vorrichtung nach einem der AnsprOche 27 bis 42, dadurdi gek^nzeichnet daB das erste und das zweite Form- 
glied (76) jeweils mnB Dicke von wenlger als ungefdhr 0.5 mm aufweisen. 

44. Vonlchtung nach Anspruch 43, dadurch gekeiinzeichnet daB die Formglieder (78) eine DIcke von ungefahr 2,0 bis 
4,0 mm aufweisen. 

45. Vonichtung nach Anspruch 43, dadurch gekennzeichnet daB die Formglieder (78) ©ne Dicke von ungefahr 2.5 bis 
3,5 mm aufweisen. 

46. Von^ichtung nach einem der AnsprOche 27 bis 45, ferner gekennzeichnet durch «nen zwelten Ultraviolettlichtgene- 
rator (304) zum Erzeugen von ultraviolettem Ucht und Richten desselben auf die Unse im Betrieb und einen Erhlt- 
zer (306). um die Linse im Betrieb aufzuwarmen. 

47. Vonichtung nach Anspruch 46, ferner gekennzeichnet durch einen dritten Ultraviolettlichtgenerator (308) zum 
Erzeugen von ultraviolettem LIdTt und Richten desselben auf die LInse im Betrieb, nachdem die Linse aufgewarmt 
worden Ist. 

48. Vorrichtung nach Anspruch 47. ferner gekennzeichnet durch einen zwelten Erhitzer (310). um die Linse Im Betrieb 
zu enwarmen. nachdem der dritte Ultraviolettlichtgenerator (308) Licht auf die Linse gerlchtet hat 

Revendlcatlons 

1 . Un proc6d6 pour fabriquer une lentllle en plastique. comprenant : placer une matl6re de formage de lent'lle pouvant 
§tre polym6ris6e dans une cavit6de moule (82) d^inle entre un premier 6l6ment de moule (78) avec une face (86). 
et un second §l6ment de moule (78) avec une face (86) et un joint (80) ; et dinger des rayons ultraviolets (40) vers 
au moins Tun des premier ou second 6l6ments de moule ou ledrt joint tout en refroidissant sensiblement simulta- 
n6ment le premier 6l6ment de moule et le second 6I6ment de moule, caract6ris6 en ce que le refroidissement est 
effectu6 en dlrigeant de Tair a une tenrip6rature entre O^C et moins de 20*C vers les faces des premier et second 
6l6ments de nrraule. I'air 6tant dirig6 depuis les bonds du premier 6l6menl de moule vers le centre du premier 616- 
ment de moule, et depuis les bords du second 6l6ment de moule vers le centre du second 6t6ment de moule. 

2. Le proc6d6 de la revendication 1 selon lequel la temp6rature de Pair est d'environ 0-15"'a 

3. Le proc6d6 de I'une quelconque des revendications ci-dessus selon lequei la temp6rature de I'air est d'environ 0- 
10'C. 



4. Le proc6d6 de I'une quelconque des revendications ci-dessi« selon lequel la temp6rature de Pair est d'environ 3- 
8**C. 
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5. Le proc6d§ de Tune quelconque des revendicatior^ ci-dessus sdon iequel ta cavit6 de moule (82) est sensD3le- 
ment cylindrique et la hauteur de la cavit6 varie en travers du diamfetre de la cavit6 ; et selon Iequel rintensit6 des 
rayons ultraviolets varie approximativement en proportion de la hauteur de la cavit6. 

6. Le proc6d6 de I'une quelconque des revendicatlons cl-dessus, comprenant en outre dinger de I'air ^ un d6bit 
d'environ 0,028-0.850 metres cubes standard (1 -30 pieds cubes standard) par minute vers le premier 6l6ment de 
moule pour refroidir le premier 6l§ment de moule, et diriger de Pair k un d§bit d'environ 0.028-0.850 metres cubes 
standard (1 -30 pieds cubes standard) par minute vers le second §16ment de moule pour refroidir te second 6l6ment 
de moule. 

7. Le proc6d6 de la revendication 6 selon Iequel le d6brt de I'air en contact avec le premier 6l6ment de moule est 
d'environ 0, 1 1 3-0,566 metres cubes standard (4-20 pieds cubes standard) par minute, et le d6bit de I'air en contact 
avec le second 6I6ment de moule est d'environ 0,1 13-0,566 metres cubes standard (4-20 pieds cubes standard) 
par minute. 

8. Le proc§d6 de la revendication 6 selon Iequel le d6bit de I'air en contact avec le premier 6l6ment de moule est 
d'environ 0,255-0.423 metres cubes standard (9-15 pieds cubes standard) par minute, et le d6bit de I'air en contact 
avec ie second 6l6ment de moule est d'environ 0,255-0,423 metres cubes standard (9-15 pieds cubes standard) 
par minute. 

9. Le proc6d6 de Tune quelconque des revendications d-dessus selon Iequel la cavit6 de moule est d6f inie en partie 
entre un premier 6l§ment de moule (78) d'6paisseur environ 1,0-50 mm et un second 6l6ment de moule (78) 
d'6paisseur environ 1,0-5,0 mm. 

1 0. Le proc6d6 de la revendication 9 selon Iequel le premier ou second 6l6ment de moule (78) a une 6paisseur d'envi- 
ron 2.0-4,0 mm. 

11 . Le proc§d6 de la revendication 9 selon Iequel le premier ou second 6l6ment de moule (78) a une 6paisseur d'envi- 
ron 2.5-3,5 mm. 

12. Le proc6d6 de Tune quelconque des revendications ci-dessus selon iequel la mati^re de formage de lentille pou- 
vant etre polym6ris6e est plac6e dans une cavit6 de moule d6f inie en partie entre le premier 6l6ment de moule et 
un second 6l6ment de moule s6par6s par un joint annulaire, et selon Iequel les rayons de lumi^re ultraviolette sont 
dirig^s h travers le joint annulaire pour recuire la mati^re de formage de lentille. 

13. Le proc6d6 de la revendication 12, comprenant en outre emp§cher les rayons de lumi^re ultraviolette d'entrer en 
contact avec les premier ou second 6l6ments de moule. 

1 4. Un proc6d6 conforme k I'une quelconque des revendications 1 - 1 1 pour fabriquer une lentille en plastique avec une 
courbure souhait6e, selon Iequel la cavit6 d6finit une courbure th6orique qui est diff6rente de la courbure souhait6e 
; et selon Iequel lesdrts rayons ultraviolets sont dirig6s vers au nnoins I'un des premier et second §l§ments de moule 
de sorte que des portions de la matifere dans la cavity re^oivent des intensity diffirentes de lumifere ultraviolette 
depuis d'autres portions de ta nnatidre dans la cavit§, af in de permettre k la mati^re de former une lentille avec la 
courbure souhait^e. 

15. Le proc6d6 de la revendication 14, comprenant en outre d6mouler la lentille. et chauffer la lentille. 

16. Le proc6d6 de la revendication 15 selon Iequel le chauffage forme la lentille avec la courbure souhait6e. 

17. Le proc6d6 de I'une quelconque des revendications 14-16 seton Iequel rintensit6 des rayons ultraviolets varie en 
travers des premier ou second 6I6ments de moule de sorte que la matifere se corrige pour fomier la lentille avec la 
courbure souhait^. 

18. Leproc6d6de I'une quelconque revendication 1-11 ou 14-17, selon Iequel les rayons ultraviolets sont dirig6s avec 
une intensity totale de moins d'environ 10 mW/cm^ vers au moins I'un des 6l6ments de moule pour recuire la 
mati^re pour former une lentille, et comprenant en outre d6mouler la lentille k \a suite de ladite 6tape de refroidis- 
sement et ensuite diriger un second ensemble de rayons ultraviolets vers la lentille k une intensity d'environ 150- 
300 mW/cm^ dans une gamme de longueur d'onde d'environ 360-370 nm, et d'environ 50-150 mW/cm^ dans une 
gamme de longueur d'onde d'environ 250-260 nm. 
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19. Le proc^6 de ta revendicaiion 18. comprenant en outre diriger un troisi^me ensemble de rayons ultraviolets vers 
la lentille. 

20. Le proc^6 de la revendication 19, comprenant en outre chauffer la lentille aprds que le troisldme ensemble de 
5 rayons ultraviolets est dirig^ vers la lentille. 

21 . Le proc6d6 de ta revendication 20 seton lequel la lentille est chauff 6e ^ une temperature d'environ 65-1 80**C. 

22. Le proc6d6 de ta revendication 20-21 selon lequel la lentille est cfrauff^e pendant moins d'environ 30 minutes. 

23. Le proc§d6 de t'une quelconque des revendications 19-22 selon lequel le second ensemble de rayons ultraviolets 
est dirig6 vers une lentille pendant moins d'environ 1 minute. 

24. Le proc6d6 de la revendication 1 9 ou de Tune quelconque revendication dependant de celle-ci, selon lequel llnten- 
15 site du troisi^me ensemtile de rayons ultraviotets est d'environ 150-300 mW/cm^ dans une gamme de longueur 

d'onde d'environ 350-370 nm, et d'environ 50-150 mW/cm^ dans une gamme de longueur d'onde d'environ 250- 
260 nm. 

25. Le precede de la revendication 19 ou de I'une quelconque revendication dependant de celle-ci, selon lequel le troi- 
20 sieme ensemble de rayons ultraviolets est dirige vers la lentille pendant moins de 1 minute. 

26. Le precede de la revendication 20 ou de I'une quelconque revendication dependant de celle-d, seton lequel la len- 
tille est chauffee pendant moins d'environ 30 minutes aprfes que le troisieme ensemble de rayons ultraviolets est 
dirige vers la lentille. 

25 

27. Appareil pour fabriquer une lentille en plastique, comprenant : un premier element de moule (78) ; un second ele- 
ment de moule (78) distant du premier element de moule (78), les premier et second elements de moute ayant cha- 
cun une face (86) et definissant une cavite de moute (82) ; un generateur de Iumi6re uttraviolette (40) pour generer 
et diriger de la lumiere uttraviolette vers au moins I'un des premier et second elements de moule durant I'utilisation 

30 ; un fittre de lumiere ultraviolette (54) dispose entre le g6nerateur de lumiere uttraviolette et le premier element de 
moule et entre le generateur de lumiere ultraviolette et le second element de moule : caracterise en ce que I'appa- 
ral comprend en outre un distrlbuteur (94) adapte pour diriger de I'air k une temperature entre et moins de 
20'*C vers les premier et second elements de moule tandis que la lumiere ultraviolette est dirig6e sensibtement 
slmuttan6merit vers au moins I'un des premier et second elements de moule durant I'utilisation, le distributeur etant 

35 connecte pour distribuer de I'air durant I'utilisation depuis les bords du premier element de moule vers le centre du 
premier element de moule, et depuis les bords du second element de moule vers le centre du second element de 
moule. 

28. L'appareil de la revendication 27 dans lequel la tenperature de I'air est d'environ 0-15''C. 

40 

29. L'appareil de la revendication 28 dans lequel la temperature de I'air est d'environ 0-10<*C. 

30. L'appareil de |a revendication 29 dans lequel la temperature de I'air est d'environ 3-8'>C. 

45 31 . L'appareil de I'une quelconque des revendications 27-30 dans lequel la cavite de moule est cylindrique et la hau- 
teur de ta cavite varie en travers du diametre de la cavite. 

32. L'appareil de Tune quelconque des revendications 27-31 dans lequel le flltre (54) est posltionn6 pour diriger la 
lumiere ultraviolette durant {'utilisation avec une intensite qui varie en proportion de ia hauteur de la cavite. 

50 

33. L'appareil de I'une quelconque des revendications 27-32 dans lequel le fittre (54) conprend un disque de matiere 
opaque pour reduire I'intensite de lumiere ultraviolette atteignant le centre des elements de moule par rapport k 
I'intensite de lurrtiere uttraviolette atteignant le bord des elements de moule durant I'utilisation. 

55 34. L'appareil de I'une quelconque des revendications 27-33 dans lequel le f iltre (54) comprend une bague de mati6re 
opaque pour reduire I'intensite de lumiere ultraviolette atteignant le Ixjrd des elements de moule par rapport k 
I'intensite de lumifere ultraviolette atteignant le centre des elements de moule durant Tutilisation. 

35. L'appareil de I'une quelconque des revendications 27-34 dans lequel le f iltre (54) comprend un materiau en f euiile 
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transparente ayant une plurality de motifs d*absorption de lumidre uttraviolette imprim^ sur celle-ci. 

36. Lappareil de la revendication 35 dans lequel la density par unit^ de surface des motrfs est k un minimum en un 
point con-espondant k la plus grande distance entre le premier 6l6ment de moute (78) et le second 6l6ment de 

5 moule (78) et dans lequel la densit6 par unit6 de surface des motifs est 6 un maximum en un point con-espondant 
d la plus petite distance entre le premier 6l6ment de moule et le second 6l6ment de moule. 

37. L'apparetl de i'une quelconque des revendications 27-36 dans lequel le distributeur (94) conprend un ajutage 
ayant un al^sage sensiblement cylindrique (96). et I'al^sage a une plurality d'orrfbes (98) dispose autour de la 

10 p6riph6rie de celui-ci. 

38. L'appareil de la revendication 37 dans lequel le diam^tre moyen des orifices (98) dans Tajutage varie autour de la 
p^riph^rie de Tal^sage (96). 

15 39. L'appareil de I'une quelconque des revendications 37 ou 38 dans lequel I'ajutage comprend une entree d'air et le 
diam6tre des orifices (98) est k un minimum du c6t6 de I'entr^e d'air (12). et le dlam^tre des orifices est k un maxi- 
mum en un point le long de la p6riph6rle de ral6sage qui est oppos6 aux orifices ayant un diamfetre minimum. 

40. L'appareil de I'une quelconque des revendications 27-39 dans lequel le distributeur (94) est adapts pour diriger 
20 durant I'utilisation environ 0.028-0,850 metres cubes standard (1 -30 pieds cubes standard] par minute vers te pre- 
mier 6l6ment de moule (78) pour refroidir le premier 6l6ment de moule, et environ 0.038-0,850 metres cubes stan- 
dard (30 pieds cubes standard) par minute vers le second dl^ment de moule (78) pour refroidir le second 6l6ment 
de moule. 

25 41. L'appareil de la revendication 40 dans lequel le distributeur (94) peut etre adapts pour diriger durant I'utilisation 
environ 0,11 3-0.566 metres cubes standard (4-20 pieds cubes standard) par minute vers le premier 6l6ment de 
moule (78) pour refroidir le premier 6l6ment de moule. et environ 0,1 13-0.566 metres cubes standard (4-20 pieds 
cubes standard) par minute vers le secorKi 6l6ment de moule (78) pour refroidir le second 6l6ment de moule. 

30 42. L'appareil de la revendication 40 dans lequel le distributeur (94) peut dtre adapts pour diriger durant I'utilisation 
environ 0,255-0,423 metres cubes standard (9-15 pieds ciA>es standard) par minute vers le premier 6l6ment de 
moule pour refroidir le premier 6l6ment de moule (78), et environ 0,255-0.423 metres cubes standard (9-15 pieds 
cubes standard) par minute vers le second 6l6ment de moule (78) pour refroidir le second 6l6ment de moule. 

35 43. L'appareil de I'une quelconque des revendications 27-42 dans lequel les premier et second 6l6merTts de moule (78) 
ont chacun une ^isseur de moins d'environ 5.0 mm. 

44. L'appareil de la revendication 43 dans lequel les 6l6ments de moule (78) ont une 6paisseur tfenviron 2.0-4.0 mm. 

40 45. L'appareil de la revendication 43 dans lequel les 6l6ments de moule (78) ont une ^paisseur d'environ 2.5-3,5 mm. 

46. L'appareil de I'une quelconque des revendications 27-45, comprenant en outre un second g6n6rateur de Iuml6re 
ultravioletle (304) pour g6n6rer et diriger de la lumi^re ultraviolette vers la lentille durant I'utilisation, et un premier 
6l6ment de chauffage (306) pour chauffer ta lentille durant I'utilisation. 

45 

47. L'appareil de la revendication 46, conprenant en outre un troisi6me g6n6rateur de lumifere ultraviolette (308) pour 
g6n6rer et diriger de la lumi^re ultraviolette contre la lentille durant ['utilisation aprds que la lentille a 6t6 chauff6e. 

48. L'appareil de la revendication 47, comprenant en outre un second 616ment de chauffage (31 0) pour chauffer la len- 
50 tille durant {'utilisation aprte que le troisi^me g6n6rateur de lumi^re ultraviolette (308) a dirigd la lumi^re contre la 

lentille. 
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FIG. 4 




FIG. 5 
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